SUMMARY
The ProSeal™ laryngeal mask airway (PLMA) (Laryngeal Mask Company, Henly-on-Thames, U.K.) is a new laryngeal mask device with a modified cuff to improve the seal and a drain tube to prevent aspiration of regurgitated gastric contents 1 . The drain tube provides a conduit to the upper oesophageal sphincter and has been used for insertion of a gastric tube 2 and a trans-oesophageal Doppler probe 3 . The classic laryngeal mask airway and cuffed oropharyngeal airway have been used for measurement of core temperatures by attaching a thermocouple to the mid-portion of the posterior cuff 4 . In the following study, we determined the feasibility, accuracy and optimal location for oesophageal core temperature measurement using the PLMA drain tube.
METHODS
With ethics committee approval and written informed consent, we studied 30 normothermic (35.5 to 37.5°C tympanic temperature) 5 patients (ASA 1 and 2, aged 18 to 80 years) scheduled for elective nonthoracic surgery. Patients were excluded if they had more than one symptom of gastroesophageal reflux per week, oesophageal disease or mouth-opening less than 2.5 cm. Anaesthesia was in the supine position with the patient's head on a standard pillow 8 cm in height. Midazolam 0.02 mg/kg and fentanyl 1 µg/kg were administered. Anaesthesia was induced with propofol 2 to 3 mg/kg and maintained with sevoflurane 1 to 3% in oxygen 33% and nitrous oxide. The PLMA was inserted and fixed and the cuff inflated according to the manufacturer's recommendations 6 . The PLMA was connected to a circle anaesthesia breathing system with a bacterial filter. Patients were ventilated at an inspired tidal volume of 10 ml/kg, a respiratory rate of 12/min and an inspiratory:expiratory ratio of 1:2. Fresh gas flow was 3 l/min. Correct positioning was verified by a lack of air leak from the drain tube during positive pressure ventilation. A thermistor temperature probe (400 Series Thermistor Central Temperature Probe, Datex Ohmeda, Madison, U.S.A.) accurate to ±0.1°C was inserted into the drain tube at least 15 minutes after induction to allow the PLMA temperature to equilibrate with body temperature and to allow warming of anaesthesia gases. The temperature was recorded at the following locations in sequence and then in reverse sequence: middle of drain tube, distal end of drain tube (upper oesophageal sphincter) and at 5, 10, 15 and 20 cm distal to the drain tube. The number of attempts to insert the temperature probe (maximum three allowed) and any tactile resistance at insertion were noted. Two references temperatures were taken: nasopharyngeal temperature (5 cm distal to the nares) using the same thermistor and an aural temperature using an infrared tympanic thermometer (First Temp Genius Tympanic Thermometer, Sherwood Medical, St Louis, U.S.A.) accurate to ±0.06°C 7 . Reference temperature readings were made immediately before and immediately after oesophageal temperature measurements. The temperature at each location was recorded for 15 seconds after equilibrium was reached. All temperature probes underwent a two-point calibration before use.
Statistics
The distribution of data was determined using Kolmogorov-Smirnov analysis 8 . The levels of measurement agreement between the aural and oesophageal and between the nasopharyngeal and oesophageal temperatures were calculated with the method outlined by Bland and Altman 9 . The mean difference represents the average difference between each of the data points. Standard error of the mean (SEM) was calculated by dividing the standard deviation by √n, where n=sample size. The limit of agreement represents the mean difference ±2 s (s=stan-dard deviation of the differences). The standard error of the limits of agreement was calculated by using the formula √(3s 2 /n). Oesophageal temperatures were compared using ANOVA with post hoc Bonferroni correction. Significance was taken as P<0.05. Statistical analysis was performed on an IBM computer using SYSTAT v 7.0 (SPSS Inc, Chicago, IL, U.S.A.).
RESULTS
The mean (range) age and weight was 39 (18-79) y and 76 (51-111) kg. The male:female ratio was 10:20. The room temperature was 21°C. The temperature probe was successfully inserted into the oesophagus in all patients at the first attempt. Temperature data are presented in Table 1 . Oesophageal temperature increased with depth from 0 to 5 cm (35.2 v 35.9, P<0.0001) and 5 to 10 cm (35.9 v 36.3, P<0.01), but was unchanged from 10 to 15 cm (36.3 v 36.6) and 15 to 20 cm (36.6 v 36.7). Aural temperature was higher than nasopharyngeal temperature (36.8 v 36.0, P<0.0001). The lowest temperature was in the mid-point of the drain tube (34.7). There were no differences between males and females. Betweenmethods statistical comparisons for the temperature measurements are presented in Table 2 .
DISCUSSION
We found that insertion of the temperature probe into the oesophagus was feasible in all patients. The success rate was similarly high to insertion of a gastric tube (58/58) 2 and trans-oesophageal Doppler (30/30) 3 . When correctly positioned, the distal end of the drain tube sits just above the upper oesophageal sphincter and the temperature probe should be guided directly into the oesophagus. Temperature probe insertion should not be attempted if air leaks up the drain tube during positive pressure ventilation since this indicates that the distal end of the drain tube is malpositioned 6 . If resistance is encountered within the drain tube during insertion, it suggests that the tip is folded over and the PLMA needs to be repositioned 10 . The position of the temperature probe in the oesophagus is usually related to distance from the nares. An advantage of the PLMA is that the location of the drain tube just above the upper oesophageal sphincter also allows the precise depth of instrumentation along the oesophagus to be determined. The length of the drain tube of the size 3, 4 and 5 PLMA is approximately 26.5, 27.5 and 28.5 cm respectively.
We found that the temperature increased steadily up to a depth of 15 to 20 cm. This finding is similar to that of Bloch et al 11 for ventilated children. Temperatures may be lower in the proximal oesophagus due to a cooling effect from gas flow in the anteriorly located trachea, or cooler air diffusing into the oesophagus from the drain tube during relaxation of the upper oesophageal sphincter. Interestingly, air can be drawn in the oesophagus during inspiration in a partially obstructed spontaneously breathing patient: the oesophagus is splinted open by negative intrathoracic pressure and air is drawn in by negative intra-abdominal pressure 12 . We speculate that oesophageal temperature gradients may vary between the tracheal tube and PLMA since the maximum point of cooling should be where gas flow first comes into contact with tissues and this is in the middle of the trachea for the tracheal tube and above the glottis for the PLMA. Cowling 13 noted that oesophageal temperature fell near the carina in an intubated patient. We noted no abrupt changes in oesophageal temperature gradient with the PLMA.
We found that the accuracy of core temperature measurements in the oesophagus varied with location and with the temperature reference chosen. The temperature in the oesophagus at a depth of 5cm was similar to the nasopharyngeal temperature, and the temperature in the oesopagus at a depth of 20cm was similar to the aural temperature. Aural temperatures were higher than nasopharyngeal temperatures suggesting that aural temperature is a better estimate of core temperature. Thus the optimal depth for the oesophageal temperature probe is 15 to 20 cm. This finding is similar to that of Bloch et al 11 who showed that the optimal location for measurement in children was the lower quarter of the oesophagus. Interestingly, the temperature in the drain tube was 1.3 to 2.1°C lower than the reference core temperatures, suggesting that this location is unsuitable for core temperature monitoring. This is probably due to gas flow through the adjacent airway tube and the proximity to room air. It has been shown that the variability and accuracy of tympanic and oral temperatures are similar in surgical patients 14 , but there are no studies comparing oral and nasopharyngeal temperatures. Our data suggests that tympanic temperature is more accurate than nasopharyngeal temperature.
Our study has a number of limitations. First, we did not determine the accuracy of oesophageal temperature measurements over time. However, oesophageal temperatures have been measured over time by other groups and are accurate 11 . It is unlikely that the temperature probe would migrate to a different thermal zone since the location of the distal end of the drain tube just above the upper oesophageal sphincter provides a fixed point from which the depth of temperature probe can be monitored. Second, we did not determine the accuracy in hypo/hyperthermic patients. Third, we did not measure oesophageal temperatures beyond 20 cm and it is possible that these might differ. However, the average length of the adult oesophagus is 25 cm 15 . Fourth, our patients were ventilated and our data may not apply to spontaneously breathing patients if air is drawn into the oesophagus. A disadvantage of a temperature probe in the drain tube is that there is less room for regurgitated fluid and no room for a gastric tube. A small temperature probe is preferable to maximize the space available for regurgitated fluid.
We conclude that oesophageal core temperature measurement is feasible and accurate using the ProSeal laryngeal mask airway. The optimal location for the temperature probe is at 15 to 20 cm.
